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DUPLICATE 



PROCESS FOR THE HYDROPOBMYIiATION OF BTflYLEHICALLY 

OTSATURATED COMPOUNDS 

■ 

The present invention relates to the hydro forrayl at ion of 
5 ethylenically unsaturated compounds by reaction with 
carbon monoxide and hydrogen in the presence of a catalyst 
system. 

The hydroformylation of ethylenically unsaturated 

■ 

10 compounds using carbon monoxide in the presence of 

hydrogen and a catalyst comprising a group VI 1 1 metal, 

/ • 
example, rhodium, , and a phosphine ligand, example an alkyl 

phosphine, cycloalkyl phosphine, aryl phosphine, pyridyl 

phosphine or hidentate phosphine, has been described in 

15 numerous patents and patent applications. 



20 



no 96/19434 disclosed that a particular group of bidentate 
phosphine compounds can provide stable catalysts in 
carbonylation reaction systems, and the use of such 
catalysts leads to reaction rates which were significantly 
higher than those previously disclosed. 



25 



30 



WO 01/68563 discloses carbonylation processes for higher 
alkenes of three or more carbon atoms. 

WO 02/76996, for example, discloses a method for producing 
d i phosphine s, and their use as co-catalyst for 
hydroformylating olefins. WO 02/20448 similarly discloses 
the preparation of arylphosphines for the rhodium- 
catalysed hydroformylation of alkenes - 



Although catalyst systems have been developed which 
exhibit reasonable stability during the hydrofozrpylation 
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10 



15 



20 



process and permit relatively high reaction rates and 
regioeel activity between linear and branched aldehyde 
products, there at ill exists a need for iiqproved catalyst 
systems. Suitably, the present invention aims to provide 
an improved catalyst for hydro forroyla ting ethylenically 
unsaturated compounds. 

Surprisingly, it has been found that inproved selectivity 
of the linear aldehyde product compared to the branched 
aldehyde product can be obtained than by using catalyst 
systems of the prior art. 

According to the first aspect of the present invention 
there ie provided a process for the hydroformylation of 
ethylenically unsaturated compounds, which process 
comprises reacting said ethylenically unsaturated confound 
with carbon monoxide and hydrogen, in the presence of a 
catalyst system and a solvent , the catalyst system 
obtainable by combining: 

a) a metal of Group VIII or a compound thereof; and 

b) a bidentate phosphine of general formula (I) 




wherein t 
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Ar is a bridging group comprising an optionally 
substituted aryl moiety to which the phosphorus atoms aire 
linked on available adjacent carbon atoms; 

5 A and B each independently represent lower alkylene; 



10 



15 



K, D, E and Z are subatituents of the aryl moiety (Ar) and 
each independently represent hydrogen, lower alkyl, aryl. 



Het, halo, cyano, nitro, OR 19 , OC(0)R*°, e^R 21 , C(0)OR 2fl , 
NR^R 24 , CfOJHR 25 **, C(S)R 25 R 26 , SR 27 , C(0)SR 27 , or -J- 
Q* {CR 13 (R 14 ) (R ls ) ) CR W <R l? ) (R w ) where J represents lower 
alkylene; or two adjacent groups selected from K, Z f D and 
B together with the carbon atoms of the aryl ring to which 
they are attached form a further phenyl ring, which is 
optionally substituted by one or more subatituents 
selected from hydrogen, lower alkyl, halo, cyano, nitro, 
OR", OC(0)R 20 , CKOJR 21 , C<0)OR*V NR 23 R*\ ClOjNR 9 ^ 2 *, 
C(S)R 2S R«, SR 27 or C(0)8R 27 ; 



20 R 1 to R 18 each independently represent lower alkyl, aryl, 
or Het; 



30 



R " to R 27 each independently represent hydrogen, 
alkyl, aryl or Het; 



OS Q 2 and Q* (when present) each independently represent 
phosphorous, arsenic or antimony and in the latter two 
cases references to phosphine or phosphorous above are 
amended accordingly, 

the process characterised in that a chlorine moiety is 
present in at. leaBt one of the said Group VIII metal 
compound or said solvent. 
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Such a process is referred to hereinafter as M the process 
of the invention*. 

4 

5 Preferably, when X, D f B or Z represent -J- 
Q 3 (CR 1 * (R 1 *) (R w ) ) CR 1 * (R 17 ) (R M ) . the respective K, fi ( S or Z 
is on the aryl carbon adjacent the &xyl carbon to which A 
or B la connected or, if not so adjacent, is adjacent a 



remaining K, D, E or Z group which itself represents -J- 
10 Q a (CR* (R w ) (R 1S ) ) CR" <R* 7 ) (R 18 ) . 

Suitably, the process of the invention utay be used to 
catalyse the hydrofortnylation of an ethyl enically 
unsaturated compound in the presence of carbon inonoxide 

15 and hydrogen, i.e. the process of the invention may 
catalyse the conversion of an ethylenically unsaturated 
compound to the corresponding aldehyde. Conveniently, the 
process of the invention will show an increased 
selectivity to the linear aldehyde product, compared to 

20 the branched aldehyde product, ia comparison with similar 
processes but where the chlorine moiety ia not present. 
Conveniently, the process of the invention may utilise 
highly stable compounds under typical hydroformylation 
reaction conditions such that they retjuire little or no 

2S replenishment. Conveniently, the process of the invention 
may have an increased rate of the hydrof emulation 
reaction of an ethylenically unsaturated compound compared 
to known processes. Conveniently, the process of the 
invention may promote high conversion rates of the 

30 ethylenically unsaturated compound, thereby yielding the 
desired product in high yield with little or no 
inipurities. Consequently, the commercial viability of the 
hydroformyletion process, such as the hydroforraylation of 
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• * 

an ethylenically unsaturated compound, may be increased by 
employing the process of the invention. 

• * 

The term *Ar* or *aryl" when used herein, includes six-to- 
S ten-membered carbocyclic aromatic groups, such as phenyl 
and naphthyl, which groups are optionally substituted 
with, in addition to K, D r S or Z r one or more 
substituents selected from aryl, lower alkyl (which alkyl 
group may itself be optionally substituted or terminated 

■ 

10 as defined below), Het, halo, cyano, nitro, OR", OC(0)R ao , 
C(0)R ai , C(0)0R M , tfR^R", C(0)NR iB R 2S , SR 27 , C(0)SR 27 or 
CtSlNR^R** wherein R 1 * to R a? each independently represent 
hydrogen, aryl or lower alkyl (which alkyl group may 
itaelf be optionally substituted or terminated as defined 

15 below). 

The term "Wet*, when used herein, includes four- to- twelve - 
membered, preferably four-to-ten -membered ring systems, 
which rings contain one or more heteroatoms selected from 

20 nitrogen, oxygen, sulfur and mixtures thereof, and which 
rings may contain one or more double bonds or be nan- 
aromatic, partly aromatic or wholly aromatic in character. 
The ring systems may be monocyclic, bicyolic or fuaed. 
Each *Het« group identified herein is optionally 

23 substituted by one or more substituents selected from 
halo, cyano, nitro, oxo, lower alkyl (which alkyl group 
may itself be optionally substituted or terminated as 
defined below) OR 13 , OCCCtfR 20 , C(0)R*\ C(0)OR 22 , NR 23 R w , 

■ 

CCOJNR 2 ^ 26 , sr", c(0)SR* 7 or COJNR^R 2 * wherein R l * to r" 
30 each independently represent hydrogen, aryl or lower alkyl 
(which alkyl group itself may be optionally substituted or 
terminated as defined below) . The term "Het* thus includes 
groups such as optionally substituted azetidinyl. 



10073498 mmmmmtm 
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pyrrolidinyl , imidazolyl, indolyl, furanyl, oxazolyl, 
isoxaaolyl , oxadiazolyl , thiazolyl « t hiadia zolyl , 
triazolyl, wcatriazolyl, tbiatriazolyl , pyr idazinyl , 
morpholinyl, pyr imidinyl , pyrazinyl, quinolinyl, 
5 ieoquinolinyl, piperidinyl, pyrazolyl and piperazinyl. 
Substitution at Het may be at a carbon atom Of the Het 
ring or, where appropriate, at one or more of the 
heteroatoma. 

10 "Het" groups may alao be in the form of an N oxide. 

The term n lower alkyl* when used herein, means C x to C i0 
alkyl and includes methyl, ethyl, propyl , butyl, pentyl, 
hexyl and heptyl groups. Unless otherwise specified, alkyl 
15 groups may. when there is a sufficient number of carbon 
atoms, be linear or branched, be saturated or unsaturated, 
be cyclic, acyclic or part cyclic/acyclic, and/or be 
substituted or terminated by one or more eubstltuents 
selected from halo, cyano, nitro, OR 19 , OC<0)R W , c(o)R 2 \ 

30 C(0)OR aa , NR 23 * 24 , C(0)NR 2 *R 26 , SR 27 , CfWSR 27 , CteiHR^R 36 , 
aryl or Het, wherein R x * to R 27 each independently 
represent hydrogen, aryl or lower alkyl, and/or be 
interrupted by one or more oxygen or sulfur atoms, or by 
eilano or dialkylsilcon groups. 

35 

Lower alkyl groups which R a , R 3 , R*, n\ R s , r 6 , r 7 , r 8 , r», 
R", R u , R«, R«, r", R* r", r", r* r", r*>, tf\ r» 
R 9$ , R 24 , R 2S , r", r 27 , k, d, B and Z may represent and with 
which aryl and Het may be substituted, may, when there is 
30 a sufficient number of carbon atoms, be linear or 
branched, be saturated or unsaturated, be cyclic, acyclic 
or part cyclic/acyclic, and/or be interrupted by one or 
more of oxygen or sulfur atoms, or by silano or 
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dialkylsilicon groups, and/or be substituted by one or 
more substituents selected from halo, cyano, nitro, OR**, 

oc(o)r*°, c(o)r 21 , cioios 22 , nr 8 W ciojmV, sr", 

C(0}6R 37 , C{S)NR a5 R a6 , aryl or Het wherein R" . to R 27 each 
5 independently represent hydrogen, aryl or lower alkyl , 

Similarly, the term *lower alkylene* which A, B and J 
(when present) represent in a confound of formula (I), 
when used herein, includes c a to C iC groups which can be 
bonded at two places on the group and is otherwise defined 

■ 

in the same way as *lower alkyl" . 



10 



Halo groups with which the above-mentioned groups may be 
substituted or terminated include fluoro, chloro, bromo 
15 and iodo groups. 

Where a compound of the formula (I) contains an alkenyl 
group, cie (B) and trans (Z) isomerism may also occur. The 
present invention includes the individual stereoisomers of 

20 the compounds of formula (I) and, where appropriate, the 
individual tautomeric formB thereof, together with 
mixtures thereof. Separation . of diastereoisomers or cis 
and tranB isomers may be achieved by conventional 
techniques, e.g. by fractional crystallisation, 

25 chromatography or H.P.L.C. of a stereoisomer^ mixture of 
a compound of the formula (1} or a suitable salt or 
derivative thereof. An individual enantiomer of a confound 
of the formula (i> may also be prepared from a 
corresponding optically pure intermediate or by 

30 resolution, such as by H.P.L.C. of the corresponding 
racemate using a suitable chiral support or by fractional 
crystallisation of the diastereoisoraeric salts formed by 
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reaction of the corresponding racemate with a suitable 
optically active acid or base, aa appropriate. 

All stereoisomers are included within the scope of the 
5 process of the invention. 

It will be appreciated by those skilled in the art that 
the compounds of formula (I), i,e- (b) above, may function 
as Uganda that coordinate with the Group VI XI metal or 
10 conqpound thereof, i.e. (a) above / to form the compounds 
for use in the invention. Typically, the Group VIII metal 
or compound thereof, i,e. (a) above, coordinates to the 
one or more phosphorous, arsenic and/or antimony atoms of 
the compound of formula (I) . 

IS 

Preferably, R 1 to R 18 each independently represent lower 
alkyl or aryl. More preferably, R 1 to R lB each 
independently represent d to C« alkyl, C*-C a alkyl phenyl 
(wherein the phenyl group is optionally substituted as 
20 defined herein) or phenyl (wherein the phenyl group is 
optionally substituted as defined herein) . Even more 
preferably, R 1 to R w each independently represent Ci to C* 
alkyl, which is optionally substituted eg defined herein. 
Most preferably, a 1 to R 18 each represent non- substituted 
25 Ci to C f alkyl such as methyl, ethyl, n-propyl, iso-propyl, 
n-butyl, iso-butyl, tert -butyl, pentyl, hexyl and 
cyclohexyl . 

* • 

Alternatively, or additionally, each of the groups R 1 to 

30 R 3 , R 4 'tO R*, R 7 to R* r R w to R**, R« tO R u OT R X€ to R lft 

together independently may form cyclic structures suoh as 
1-norbornyl or 1-ziorbornadienyl . Alternatively, one or 
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more of the groups may represent a solid phase to which 
the ligand is attached. 

m 

■ 

In a particularly preferred embodiment of the present 
invention R 1 , R% r 7 , r 10 , r w and R 16 each represent the 
same lower alkyl. aryl or Het moiety as defined herein, 
R 2 , R 5 , R 8 , R 11 , R 1 * and R 17 each represent the same lower 
alkyl, aryl or Het moiety as defined herein, and R 3 , R 6 , 
R d , R 13 , R ls and R 16 each independently represent the same 
lower alkyl, aryl or Het moiety as defined herein. More 
preferably R 1 , R«. r 7 , r 10 , r 13 and R 1K each independently 
represent the same c r -C* alkyl , particularly non- 
substituted C x -C* alkyl, such as methyl, ethyl, n-propyl , 
iso-propyl, n-butyl, iso-butyl,. tert -butyl, pentyl, hexyl 
or eyclohexyl; R 3 , R* # R a , R 11 , R 1 * and R 17 each 
independently represent the same Ci-Cc alkyl as defined 
above? and R 3 , R 6 , R*, r", r 15 and R 18 each independently 
represent the same Ci-C* alkyl as defined above. For 
example* R 1 , R*, R 7 , R 10 , R w and R 1K each represent methyl; 
R 2 , R 5 , R*, r u , R 14 and R 17 each represent ethyl; and, R s , 

■ 

R 6 , R*, R», R" and R M each represent n-butyl or n-pentyl. 

In an especially preferred embodiment of the present 
invention each R 1 to R 1B group represents the same lower 
alkyl, aryl, or Het moiety as defined herein. Preferably, 
each R 1 to R** represents the same C x to C* alkyl group, 
particularly non-eubstituted Ci-Cs alkyl, such as methyl, 
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert- 
butyl, pentyl, hexyl and eyclohexyl. Most preferably, each 
R l to R ia represents methyl. 
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25 



In the compound of formula (I) , preferably each Q 1 , Q z and 
tf (when present) is the same. Most preferably, each Q 1 , Q 3 
and Q* (when present) represents phosphorous. 

Preferably, in the compound of formula (I) , A, B and J 
(when present) each independently represent c a to C 6 
alkylene which is optionally substituted as defined 
herein, for example with lower alkyl groups. Preferably, 
the lower alkylene groups which A r B and J (when present) 
represent are non- substituted. A particular preferred 
lower alkylene which A, B and J may independently 
represent is -CH a - or «-CA-. Most preferably/ each of A r B 
and J (when present) represent the same lower alkylene as 
defined herein, particularly -CH3-. 

Preferably, in the conpound of formula (I) when K, D, B or 
Z does not represent -J-Q*(CB**(R U ) (R 1S > }CR W {R 17 ) (R ia ) , K, 
D, B or z represents hydrogen, lower alkyl, phenyl or 
lower alkylphenyl. More preferably, K, D, a or Z represent 
hydrogen, phenyl, Ci-Cs alkylphenyl or Ci-Q, alkyl, such as 

♦ 

methyl, ethyl, propyl, butyl, pentyl and hexyl. Most 
preferably, K, D, B or Z represents hydrogen. 

Preferably, in the compound of formula (I) when £, D, 5 
and Z together with the carbon atoms of the aryl ring to 
which they are attached do not form a phenyl ring, K, D, B 
and Z each independently represent hydrogen, lower alkyl, 
phenyl or lower alkylphenyl. More preferably, K, D, E and 
Z each independently represent hydrogen, phenyl, C*-C s 
alkylphenyl or Cj-C, alkyl, such as methyl, ethyl, propyl, 
butyl, pentyl and hexyl. Even more preferably, K, D, s and 
Z represent the same substituent. Most preferably, they 
represent hydrogen* 
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Preferably, in the compound of formula (I) when K, D, E or 
Z does not represent -J-Q , (CR 13 <R W ) (R 15 ) )CR 16 (R 17 ) <R lfl ) and 
K, D f s and Z together with the carbon atoms of the aryl 
5 ring to which they are attacked do not form a phenyl ring, 
each of K, D, E and Z represent the same group selected 
from hydrogen r lower alkyl, aryl/ or Het as defined 
herein; particularly hydrogen or Cx-Ce alkyl (more 
particularly unsubstituted Ci-C s alkyl) , especially 

* 

10 hydrogen . 

. * 

Preferably, in the compound of formula IX) when two of K, 
D, E and Z together with the carbon atoms of the aryl ring 
to which they are attached form a phenyl ring, then the 
15 phenyl ring is optionally substituted with one or more 
substituents selected from aryl, lower alkyl (which alkyl 
group may itself be optionally substituted or terminated 
ae defined below), Het, halo, cyano, nitro, OR 19 , OC(0)R ao , 

C(0)R 31 , C(0)OR aa , NR 33 R 34 , CfO)NR a5 R 36 , SR 27 , C(0)SR 37 or 

20 C(S)NR W R M wherein R 1 * to R 3 * each independently represent 
hydrogen or lower alkyl (which alkyl group may itself be 
optionally substituted or terminated as defined herein}. 
More preferably, the phenyl ring is not substituted by any 
substituents i.e. it bears hydrogen atoms only. 

25 

Preferred compounds of formula (1) include those wherein: 

A and B each independently represent unsubstituted d to 
C« alkylene; 

30 

K, D # Z and E each independently represent hydrogen, Ci-C* 
alkyl, phenyl, Cj.-C e alkylphenyl or -J- 

tf (CR W (R 14 ) (R 15 ) ) CR 18 (r"> <r") where J represents 

iuM898m-jui-M stem 
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unsubstituted Ci tc alkylene/ or two of K, D, Z and E 
together with the carbon atoms of the aryl ring to which 
they are attached form a phenyl ring which is optionally 
substituted by one or more substituents selected from 
5 lower alkyl, phenyl or lower alkylphenyl. 

R* to R x$ each independently represent C% to C* alkyl, 
phenyl or C x to C* alkylphenyl. 

10 Further preferred compounds of formula (I) include those 
wherein: 



A and B both represent -CH a - or C a H*, particularly CHaf 

is K, D, % and B each independently represent hydrogen, Ci-C« 
alkyl phenyl or Ci-C< alkyl or -J- 
CfCCR 13 ^ 14 ) <R W ))CR"(H 17 > (R 18 ) where J is th« same as A; or 
two of K, D, E and Z together with the carbon atoms of the 
aryl ring to which they are attached form an unsubstituted 

20 phenyl ring; 

R l to a*' each independently represent Ci to Ct alkyl i 

Still further pref erred compounds of formula <I) include 
25 those wherein; 



R* to R* e are the same and each represents to C* alkyl, 
particularly methyl. 

■ 

Still further preferred coopounda of formula 1 include 
those wherein: 
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K, D r z and E are each independently selected from the 
group consisting of hydrogen or & to C fl alkyl, 
particularly where each of K, d, Z and E represent the 
same group, especially where each of K, D, Z and B 
5 represent hydrogen; or 

4 

K represents -CTa-Q 3 (CR 13 (R 14 ) (R 1b ))CR"<R 17 ) (R lft ) and D, Z 
and E are each independently selected from the group 
consisting of hydrogen or c x to C 6 alkyl, particularly 

■ 

10 where both D and E represent the same group, especially 
where D, Z and B represent hydrogen. 

Especially preferred specific compounds of formula (I) 
include those wherein: 

15 

» 

each R 1 to R 13 is the same and represents methyl; 

A and B are the same and represent -CH$-; 

K f D, Z and E are the same and represent hydrogen. 

20 The present invention provides a process for the 
hydro formyl at ion of an ethylenically unsaturated confound 
comprising contacting an ethylenically unsaturated 
compound with carbon monoxide and hydrogen in the presence 
of a catalyst system and solvent as defined in the present 

25 invention. 

Suitably, the hydroforfcylatioca reaction is carried out at 
a temperature of between 20°C and 180°C. more preferably 
35°C and 165°C, most preferably 50°C to 150°C and under a 
30 partial pressure of carbon monoxide/hydrogen in the range 
of 1 to 700 bar. preferably 1 to 600 bar, more preferably 
1 to 300 bar. 
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Suitably, the ethylenically unsaturated compound may 
include more than one carbon- carbon double bond, wherein 
tha double bonds are conjugated or non-conjugated. 

5 Preferably, the ethylenically unsaturated compound has 1 
to 3 carbon-carbon double bonds per molecule, particularly 
only 1 or 2 carbon-carbon double bonds per molecule, 
generally only 1 carbon-carbon double bond per molecule* 

10 In the process according to the present invention, the 
carbon monoxide and hydrogen may be used either in pure 
form or diluted with an inert gaa such as nitrogen, carbon 
dioxide or a noble gaa 0ueh as argon. 



15 The amount of the catalyst of the invention used in the 
hydroformylation process of the ethylenically unsaturated 
compound is not critical* Good results may be obtained 
when, preferably, the amount of Group VIII metal is in the 
range 1CT 7 to io _1 moles per mole of ethylenically 

20 unsaturated compound, more preferably, 10"* to 10' 2 mole9, 



25 



30 



most preferably 10~ 5 to id 



k -3 



moles per 



mole of 
the 



ethylenically unsaturated 
amount of bldentate compound of formula (I) to unsaturated 
compound is in the range 10~ 7 to 10" 1 , more preferably, 10~* 
to I0' a , most preferably, 10" s to 10" a moles per mole of 
ethylenically unsaturated compound* 

* 

The catalyst compounds of the present invention may act as 
a u heterogeneous* catalyst or a ^homogeneous* catalyst. 

By the terra "homogeneous* catalyst we mean a catalyst, 
i.e. a compound of the invention, which is not supported 
but is simply admixed or forwted in-eitu with the reactants 
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of the hydroformylation reaction (e.g. the ethylenically 
unsaturated compound, hydrogen and carbon monoxide) , 
preferably in a suitable solvent as described herein. 

5 By the term "heterogeneous" catalyst we mean a catalyst, 
i.e. the compound of the invention , which is carried on a 
support. 

> 

ihua according to a further aspect, the present invention 
10 provides a process for the hydcoformylation of 
ethylenically unsaturated compounds as defined herein 
wherein the process is carried out vith the catalyst 
comprising a support, preferably an insoluble support* 

15 Preferably, the support comprises a polymer such as a 
polyolefin, polystyrene or polystyrene copolymer such as a 
divinylbenzene copolymer or other suitable polymers or 
copolymers known to those skilled in the art; a silicon 
derivative such ae a functional ieed silica, a silicone or 

20 a silicone rubber; or other porous particulate material 
such as for example inorganic oxides and inorganic 
chlorides. 

Preferably the support material is porous silica which has 
25 a surface area in the range of from 10 to 700 m 2 /g # a 
total pore volume in the range of from 0.1 to 4.0 cc/g and 
an average particle siae in the range of from 10 to 500m*. 
More preferably, the surface area is in the range of from 
50 to S00 mVg, the pore volume is in the range of from 
30 0.5 to 2.5 cc/g and the average particle size is in the 
range of from 20 to 200 pra. Most desirably, the surface 
area is in the range of from ICQ to 400 m a /g, the pore 
volume is in the range of from 0-8 to 2.0 cc/g and the 
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average particle size is in the range of from 30 to 100 
m . The average pore size of typical porous support 
materials is in the range of frora 10 to 1000 A. 
Preferably, a support material is used that has an average 
s pore diameter of from 50 to 500 A, and most desirably from 
75 to 350 A. It may be particularly desirable to dehydrate 
the silica at a temperature of from lOO'C to 800*C 
anywhere from 3 to 34 hours. 

io Suitably, the support may be flexible or rigid and the 
insoluble support is coated and/or impregnated with the 
compounds of the process of the invention by techniques 
well known to those skilled in the art. 

15 Alternatively, the compounds of the process of the 
invention are fixed to the surface of an insoluble 
support, optionally via a oovalent bond, and the 
arrangement optionally includes a bifunctional spacer 
molecule to space the compounds from the insoluble 

20 support . 

The compounds of the invention may be fixed to the surface 
of the insoluble support by promoting reaction of a 
functional group present in the compound of formula (I). 
25 for example a substituent K, D, Z and B of the aryl 
moiety, with a complimentary reactive group present on or 
previously inserted into the support. The combination of 

the reactive group of the support with a complimentary 
substituent of the compound of the invention provides a 
30 heterogeneous catalyst where the compound of the invention 

and the support are linked via a linkage such as an ether, 

ester, amide, amine, urea, keto group. 




03-JUL-2B03 10:15 FROM TO 01633B14444 



P.20 



t 



17 



The choice of reaction conditions to link a compound of 
the process of the present invention to the support 
depends upon the nature of the substituents (s) Of the 
compound and the groups of the support. For example, 
5 reagents such as carbodiiroides, l,l'-carbonyldiiinidazole, 
and processes such as the use of mixed anhydrides, 
reductive ami nation may be employed. 

According to a further aspect r the present invention 
10 provides the use of the process of the invention wherein 
the catalyst is attached, to a support . 

Particularly preferred is when the organic groups R 1 , R 2 , 
R 3 , R 4 , R s , r € , R\ r a , r 9 , R 10 f r* and R 12 when associated 

15 with their respective carbon atom form composite groups 
which are at least as sterically hindering as t-butyX, 
Steric hindrance in this context is as discussed at page 
14 *t eeq of ^Homogenous Transition Metal Catalysis - A 
Gentle Art", by C Masters, published by Chapman and Hall 

20 19B1. 



The bridging group Ar is an aryl moiety, e.g* a phenyl 

» 

group, which may be optionally substituted, provided that 
the two phosphorus atoms are linked to adjacent carbon 
25 atoms, e.g. at the l and 2 positions on the phenyl group. 
Furthermore, the aryl moiety may be a fused polyeyclic 
group, e.g. naphthalene, biphenylene or indene. 



Examples of suitable bidentate ligands are bis (di-t-butyl 
30 phoephino) -o-xylene (also known as 1,2 bis (di-t- 
butylphosphinomethyl) benzene); 1,2 bis 

(diadamantylphosphinomsthyl) benzene; 1,2 bis 

(diao^mantylpho^?hinoraethyl) naphthalene; 1,2 bis (di-t- 
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pentylpbosphino) ~o-xylene {also known as l f 2 bis (di-t- 
pentyl-phosphinomethyl) benzene) ; and bie 1,2 (di-t-butyl 
phosphinometbyl) naphthalene* Additionally, the bidentate 
phosphine may be bonded to a suitable polymeric substrate 
5 via at least ope of the bridging group Ar, the linking 
group A or the linking group B, e.g. bis £di-t-butyl 
phosphino) -o-xylene may be bonded via the xylene group to 
polystyrene to give an immobile heterogeneous catalyst. 

10 The amount of bidentate ligand used can vary within wide 
limit© - Preferably, the bidentate ligand is present in an 
amount such that the ratio of the number of moles of the 
bidentate ligand present to the number of moles of the 
Group VIII metal present is from 1 to 50 f e.g. from 1 to 

15 10 , and particularly from 1 to 5, mol per mol of metal. 
More preferably, the molnnol range of compound* of formula 
(I) to Group VIII metal is in the range of 1;1 to 3tl, 
most preferably in the range of 1:1 to 1.25 si. 
Conveniently, the possibility of applying these low molar 

20 ratios is advantageous, as it avoids the ujae of an excess 
of the compound of formula (I) and hence minimises the 
consumption of these usually quite expensive compounds. 
Suitably, the catalysts of the process of the invention 
are prepared in a separate step preceding their use in- 

25 situ in the hydroformylation reaction of an ethylenically 
unsaturated compound. 

The carbon monoxide and hydrogen may be used in the 
presence of other gases which are inert in the reaction. 
30 Examples of such gases include .nitrogen, carbon dioxide 
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Suitable Group VIII metals or a compound thereof which may 

» • 

be combined with a compound of formula (I) include cobalt, 
nickel , palladium, rhodium, ruthenium and platinum. 
Preferably, (a) is rhodium or a compound thereof* Suitable 
compounds of such Group VIII metals include salts of such 

♦ 

metals with, or compounds comprising weakly coordinated 
anions derived from, nitric acid; sulphuric acid; lower 
alkanoic (up to da) acids such as acetic acid and 
propionic acid; sulphonic acids such as methane sulphonic 
acid, chlorosulphonic acid, f luorosulphonie acid, 
trifluorome thane sulphonic acid, benzene eulphonic acid, 
naphthalene sulphonic acid, toluene sulphonic acid, e.g. 
p- toluene sulphonic acid, t-butyl eulphonic acid, and 2- 
hydroxypropane sulphonic acid; sulphonated ion exchange 
resins; perhalic acid such as perchloric acid; halogenated 
carboxylic acids such as trichloroacetic acid and 
trifluoroacetie acid; orthopbosphorie acid; phosphonic 
acido ouch as bens; enepho ephoni c acid; and acids derived 
from interactions between Lewis acids and Broensted acids. 
Other sources which may provide suitable anions include 
the optionally halogenated tetraphenyl borate derivatives, 
e.g. perfluorotetraphenyl borate. Of course, the process 
of the invention requires the presence of a chlorine 
moiety in at least one of the Group vill metal confound or 
the solvent, and therefore should the solvent not contain 
a chlorine moiety, the Group VIII metal compound must 
contain a chlorine moiety, and the foregoing is to be read 
accordingly. 



30 The catalyst system of the 
constituted in the liquid 
or more of the reactante 
solvent. Clearly, in the 



invention is preferably 
which may be formed by one 
by the use of a suitable 
former case, the references to 
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solvent in the present invention should ba construed 
accordingly and the chlorine moiety roust, in such cases, 
be present in the Group VIII metal compound. 

The choice of solvent is not critical, aside from the fact 
that according to the invention, it must comprise a 
chlorine moiety if the Group VIII metal compound does not . 
Naturally, the solvent chosen should not be detrimental to 
either the catalyst system, reactants or products. 
Moreover, the solvent can be a mixture of reactants, such 
as the ethylenically unsaturated compound, the product 
and/or any by-products, and the higher-boiling products of 
secondary reactions thereof, e.g. aldol condensation 
product b . 



Suitable solvents. when present, include saturated 
hydrocarbons such as kerosene, mineral oil or cyclohexane, 
ethers such as diphenyl ether, methyl phenyl ether, 
diethylether. diisopropyl ether. tetrahydrofuran or a 
ao polyglycol, ketones such as acetone, methyl ethyl ketone, 
methyl butyl ketone and cyclohexanone, nitriles such as 
methylglutaronitrile, valeronitrile, and benzonitrile. 

aromatics, including halo variants, such as toluene, 
benzene and xylene, esters such as methylacetate, 
25 methylvalerate and caprolactone, dimethylformamide, and 

sulfones ouch as tetramethylenesulf one , and variants of 

any of the aforesaid comprising at least one chlorine 

moiety. 



30 



Other suitable solvents include aromatic compounds such as 
toluene (as noted above), hydrocarbons or mixtures of 
hydrocarbons. It ie also possible to use water, and 
alcohols such as methanol, ethanol. n-propanol, 
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isopropanol, n-butanol and isobutanol. Variants of the 
aforesaid comprising at least one chlorine moiety are also 
suitable* 



10 



15 



20 



25 
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As noted hereinbefore, a chlorine moiety is present in at 
least oaa of the Group VIII metal compound or solvent of 
the process of the invention. Thus, suitably, the. Group 
VIII metal compound la aB defined hereinbefore and 
comprising a chlorine moiety. Specific examples of 
suitable rhodium complexes {both those with and those 

» 

without at least one chlorine moiety) include 
[RhCl (CO) a ) 2f [RhCl (Cod) 2 ] a , RhCl,.xH a O, [Rh(CO) a {acac) ] , 
[Rh (acetate) a J a , [Rftci (Norbomadiene )] a , Rh a (OAc) « , 



Chloro (1,5 -hexadlene ) - 
Bis (1,5-cyclooctadiene) - 
hydrate , Mu- 
(bicyclo [2 , 2 . 1 ] hepta- 2 - 5 - 
(1, 5-cyclooctadiene) (2,4- 

(bicyclo [2,2,1] hepta- 2 -5- 



[RhCl (Cyclooctene) a ] a , 
rhodium ( I ) dimer , 
rhodium (I) tetraf louroborate 
dichlorotetraethylene-dirhodium. 
diene ) chlororhodium ( I ) dimer, 

pentanedionato) rhodium (I) , 
diens) (2 ,4 -pentanedionato) rhodium (I) , 

rhodium (III) acetylace tonate , (bicyclo [2,2, 1] hepta~2-5- 

diene)chlororhodiuai(I)diraer, more especially [RhCl (CO) 2 J a , 
[RhCl (Cod) a I, , RhCl s .xH 2 a, [Rh (CO) a (acac) ] , [Rh (acetate) 2 1 a 
[RhCl (Norboraadiene) ] a [RhCl(Cyclooatene) a ] 2l Chloro (1,5 - 
hexadiene) -rhodium(I) dimer, most especially [RhCl (CO) a ] 3 , 
[RhCl (Cod) a ] a, RhCl,.xHaO, [Rh(CO) a (acae) ] , [Rh(acetate) a ] a . 
Thus , where the rhodium complexes are to comprise at least 
one chlorine moiety, suitable complexes include 
[RhCl (CO) 3 ] a, [RbCl(Cod) a } a , RhCl a .xHaO, [RhCl (Bforborn- 
adieneHa, [RhCl (Cyclooctene) a ] „ chloro (1,S -hexadiene ) - 
rhodium(I) dimer, Mu-dichlorotetraethylene-dirhodium, 
(bicyclo[2,2,l)hepta-2-5-diene> chlororhodium (I) dimer, more 
especially [RhCl (CO) a J a , [RhCl (Cod) a ] 3 , RhClj.xHaO, 
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[RhCl (Norbomadiena) ] a* iHha (Cyclooctene) 2 l 3 . Chloro(l,5- 
hexadiene) -rhodium { I) diner, moat especially [RhCl (CO) ,] a. 
[RbCl<Cod> a ]a, RhCla.XHjO. Moreover, suitably, the solvent 
of the process of the invention is as defined hereinbefore 
S and comprising a chlorine moiety, Specific examples of 
such solvents comprising at least one chloro moiety 
include dichlororae thane, chlorobenzene. o-dichlorobenzene, 
m-chlorobenzene, carbon tetrachloride, trichloroethanes, 
dichloroethanes, chlorofluorocarbons (CPC's), 

io tetraehloroethanee, tetrachloroethene, more especially 
dichloromethane . Bven more preferably, both the Group 
VIII metal compound and the solvent contain a chlorine 
moiety. 

15 The product of the reaction may be separated from the 
other components by any suitable means. However, it is an 
advantage of the present process that significantly fewer 
by-products are formed thereby reducing the need for 
further purification after the initial separation of the 

20 product as may be evidenced by the generally significantly 
higher selectivity and linearity. A further advantage is 
that the other couqponents which contain the catalyst 
system may be recycled and/or reused in further reactions 
with minimal supplementation of fresh catalyst. 

25 

Preferably, the hydroformylation is carried out at a 
temperature of between 20°C and 180°C, more preferably 35°C 
and 165°C, most preferably 50*C to 1S0°C. Advantageously, 
the hydroformylation can be carried out at moderate 
30 temperatures, tt is particularly advantageous to be able 
to carry out the hydroformylation reaction at above room 
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Suitably, the hydroforraylation is carried out at the 
partial pressure of the reaction gas nature at the chosen 
reaction temperature. Generally, the partial pressure is 
in the range of 1 to 700 bar, preferably 1 to 600 bar, 
more preferably 1 to 300 bar. However, the partial 
pressure may be varied from these ranges depending on the 
activity of the hydroforraylation catalyst employed. In 
the case of catalyst systems of the present invention, for 
example, reaction would also proceed in a low-pressure 
region, for example in the range 1 to 100 bar. 



The reaction may be carried out on any ethylenically 
unsaturated compound including ethylene although there is 
no linearity advantage as Buch with ethylene. Preferably, 
15 the reaction is therefore suitable for C 3 -C 30 ethylenically 
unsaturated compounds, more preferably, Cs-Cu, . most 
preferably C 3 -Cia compounds. 

The process may be carried out on ethylenically 
20 unsaturated compounds having 2 or more carbon atoms such 
as Ca-Cao atoms or C a -C 30 atoms or C«-Cjo atoms. The 
alternative upper range of carbon atoms in such compounds 
may be taken as or C M or Ci* in increasing order of 
preference. The alternative lower range of carbon atoms 
25 in any of the aforesaid ranges of ethylenically 
unsaturated compound* may be C,, C4, C 5 or c« . The 
ethylenically unsaturated compound is, preferably , an 
alkene having 1, 2 or 3 or more carbon^carbon double bonds 
per molecule. 



Any such alkene can be substituted or non- substituted. 
Suitable eubstituents include alkyl and d. a , aryl 

groups. Btalea$ otherwise specified, the ethylenically 
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unsaturated compound may, when there are sufficient number 
of carbon atoms, be linear or branched, be substituted, be 
cyclic, acyclic or part cyclic/acyclic, and/or be 
optionally substituted or terminated by one or more 
s substituents selected from lover alkyl, aryl, alkylaryl, 
Het, alkylHet, halo, OR 1 *, oc(0)R ao , C<o)* 3 \ ctojOR 23 , 
nr^r? 4 , C(o)nr 25 r«, NO*, CN, SR a7 wherein r" to R a7 each 
independently represent hydrogen or. lower alkyl. Olefins 

thus substituted include styrana and alkyl esters of 
10 unsaturated carboxylic acids, such as methacryl Ate - 
Suitably, the ethylenically unsaturated compound rtay 
exhibit cia (B) and trans (2) isomerism. 

■ 

■ 

Examples of suitable ethylenically unsaturated compounds 
15 , may be independently selected from ethene, propene, 1- 
butene, 2-butene, isobutene, 1-pentene, 2-pentene, 3- 
pentene and branched isomers thereof, 1-hexene and its 
isomers, 1-heptene and its isomers, 1-octene and its 
isomers, 1-nonene and its isomers, 1-decene and its 
20 isomers, the Cu-C*o alkenes and their known isomers, 3- 
pentenenitrile, metbyl-3-penteneoate, 1,3 butadiene, 1,3- 
pentadiene, 1,3 hexadiene , 1,3 cyclohexadiene, 2,4* 
leptadiene, and 2 -methyl 1,3 butadiene. 

25 The following non-limiting and purely illustrative 
examples further illustrate the present invention. 

■ 

All syntheses were carried out in a vacuum-argon schlenk 
line using dried and degassed Schlenk glassware. 

1-octene and 1-hexene (both from Aldrich) were purified by 
distillation and degassed by bubbling with argon. Toluene 
was dried by distillation from sodium diphenyl ketal. THF 



30 
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(tetrahydrofuran) was dried by distillation with sodium 
and benzophenone . DGM (dichloromethane) was dried by 
distillation with calcium hydride. 

5 [RhCl (CO) 2 J 2 , Rh 2 (OAc) 4 , and RhCl 3 .xH 2 0 (Strem) were stored 
in a glove box due to their air-sensitive nature. 1,2 -bis 
(di-tertbutylphosphinomethyl) benzene was also stored and 
handled in a glove box due to its air-sensitive nature. 

10 The catalytic solutions were made up as follows. 

« 

For catalytic systems having lRhCl{CO) a ]» as rhodium 
precursor, &mg (0.023iBmol) of [RhCKCOali and 20tng 
(0 . 046mmol) of l f 2 -bis (di-tertbutylphosphinomethyl) benzene 
15 were added to a Schlenk tube in a glove box. The 
corresponding solvent {typically 10ml) was then added with 
a syringe. When all the solids were dissolved, 1-octene 
or 1-hexene (2ml), the substrate for bydroforraylation, was 
added to the solution. 

20 

The autoclaves used for these examples were 250ml 
hastelloy autoclaves. After being dried in an oven, the 
autoclave was flushed three times with argon. Once it was 
degassed, the solution was transferred via canula» Then 
25 it was pressured with 30 bar of synthesis gas and heated to 
80°C for 3hrs, after which it was cooled in air and then 
vented. The solutions obtained were analysed with GC-MS. 

The catalytic systems in which either Rh a (0Ac)«, or RhCl 3 
30 were used as rhodium precursors, were prepared following 
the same procedure as that outlined above. 
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The percentage conversion ia an expression of the attaint 
of substrate converted by the reaction. 

The selectivity ia a measure of the selectivity to the 
5 particular hydroforraylated product. 

l:b is a representation of the linear branched ratio of 
the hydroformylated products. 

10 Example 1 

H ydroformylation of 1-hexenei Chlorin e moiety present in 
rhodium precursor 

9.0 rag (0.00383mol/litre) of [ShCl (CO) a ] , was added to 18 
IB mg (0.00383mol/litre) of the bidentate phosphine ligand, 
1 , 2 -bis (di - tertbutylphosphinomethyl ) benzene . 10ml of 
toluene was then added to the mixture. 2.0 ml (16.0tnmol) 
of 1-hexene was then added and hydroformylation was 
performed for 3hrs by the addition, at 80°c, of a 1*1 
30 mixture of CO:H 3 at a pressure of 30bar. 

It was found that after 3hrs under these conditions, there 
was 100% conversion of 1-hexene to the aldehyde product, 
with 84% selectivity to linear heptanal over the branched 
23 product, an l:b ratio of 5.25b1. 

■ 

Comparative Example 1 

Hvdrofortnylation of 1-hexenet Chlorine moiety no t present 

30 10 rag (0 .00383mol/litre) of tRh{Qftc) 3 ]a was added to 40 mg 
{0.00S46raol/litre) of the bidentate phosphine ligand, 1,2- 
bie(di-terthutylphosphinomethyl) benzene, 10ml of toluene 
was then added to the mixture. 2.0ml (16.0mmol) of 1- 
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hexene was then added and hydro formylat ion was performed 
for 3hrs by the addition, at 80°c, of a l:l mixture of 
COiH* at a pressure of 30bar, 

* 

5 It. was found that after 3hrs under these conditions, there 
was 100% conversion of 1 -hexene to the aldehyde product , 
with 55% selectivity to linear heptanal over the branched 
product, an l:b ratio of only 1,22 ;1, 

10 Comparative Example 1 and Example 1 clearly ehow the 
increase in selectivity towards the linear product Ove* 
the branched product, from the hydroformylation of 1- 
hexene, when chlorine moiety is present in the rhodium 
compound precursor to the catalyst system compared with 

15 when the chlorine moiety is not present. 

Example 2 

Hydroformylation of allyl alcohol: Chlorine moiety present 
in rhodium precursor 

20 

9.0 mg (0.00383raol/litre> of txhcl (Cod) a ] a was added to 

» 

18.0 mg (0,003B3mol/litre) of the bidentate phosphine 
ligand, 1 , 2 -bis (di -tertbutylphosphinomethyl) benzene . 10ml 
of toluene was then added to the mixture. 2.0 ml 
25 (29.0mmol) of allyl alcohol was then added and 
hydroformylation was performed for 3hrs by the addition, 
at 80*0, of a lrl mixture of CO: H a at a pressure of 30bar, 
and in the presence of 0 . 072raraol of NaOAc . 

30 It was found that after 3hrs under these conditions, there 
was 86.6% conversion of allyl alcohol, with 73.8% 
selectivity to hydraxyte trahydrof uran , 12.9% to 
hydrcocymathyl-prcpionaldehyde . These two products were 
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then hydrogenated to give, respectively, 1,4-butanediol 
and 2 -methyl -1,3 -propanediol. The l:b ratio in this case 
was 5.72:1, 

5 Example 3 

Hydroformylation of allyl alcohol; Chlorine moiety present 
in solvent 

* 

Example 2 was repeated but in this case, the rhodium 
10 compound was [Rh(QAc)ala and the solvent need was 
dichloromethane . 

In this case, there was 100% conversion of allyl alcohol, 
with 75% selectivity to hydxoxytetrahydrofuraa, 17% 
15 hydroxytaethylpropiorialdehyde, giving hydrogenated products 
in the Isb ratio 4.41:1. 

Ekan^lee 2 and 3 show the relatively high selectivity 
towards the linear as opposed to the branched product, 
20 from the hydroforaiylation of allyl alcohol, when chlorine 
raoiety is present in the rhodium compound precursor to the 
catalyst system (Example 2) or in the solvent (Exan^le 3) . 



Example 4 

25 Hydroformylation of l-ootenei Chlorine moiety present in 
solvent 

5.0 mg (0-OOiemol/litre) of [Rh(acac) <CO) a ] 2 was added to 
18.0 mg (0.003B3mol /litre) of the biphosphine ligand, 1,2- 
30 bis (di-tertbutylphosphinomethyl) benzene . 10ml of 

dichloromethane was then added to the mixture. 2-5 ml 
USramol) of 1-octene was then added and hydroformylation 
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was performed for 3hra by the addition, at 80°C, of a 1:1 

* 

mixture of CO:H a at a pressure of 30bar. 

It was found that after 3hrs under these conditions/ there 
5 was 29% conversion to the aldehyde product, with 80% 
selectivity to linear nonanal over the branched produce i 
an l:b ratio of 4:1. 

« * 

Example 5 

10 Hydroformylation of 1-octene: Chlorine moiety present in 
rhodium precursor and in solvent 



Details were as in Example 4 above, except 9.0 mg 
(0.0Q383mol/litre) of [RhCl(CO) a ] a was used as the rhodium 
15 precursor • 

Once again , it was found that there was 29% conversion to 
the aldehyde product, with 80% selectivity to linear 
nonanal over the branched product, an lib ratio of 4:1. 

20 

Example 6 

Hydroforwylation of 1-octene. Chlorine moiety present in 
rhodium precursor 

25 Details were as in Example 5 above, except 10ml of 
OctMiMTfN was used as the solvent. 

In this case, it was found that there was 10% conversion 
to the aldehyde product, with 80% selectivity to linear 
30 nonanal over the branched product, an l:b ratio of 4 si. 
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Example 7 

5 Hvdroformylatimi of i-o o h*net Chlorine moiety present In 
rhodiutn precursor 

Details were as in Example 5 above, except 10ml of toluene 
was used as the Bolvent . 

10 

In this case, it was found that there was 11% conversion 
to the aldehyde product, with 100% selectivity to linear 



15 Comparative Example 2 

broformylatlon of l-octenei Chlorine moiety not present 
Details were as in Example 4 above, except lQtnl of toluene 

0 

waB used slb the solvent. 

20 

In this case, it was found that there was 89% conversion 
to the aldehyde product, with only 50% selectivity to 
linear nonanal, an lab ratio of 

25 Examples 4-7 clefcrly show the increase in selectivity 
towards the linear product over the branched product, from 
the hydroforraylation of 1-octene, when chlorine moiety is 
present in the solvent (Exarqple 4) , the rhodium precursor 
(Examples 5 and 7>, or both the solvent and the rhodium 

30 precursor (Example 5), compared to Comparative Example 2, 
where no chlorine moiety iB present, either in the rhodium 
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The reader's attention is directed to all papers and 
documents which are filed concurrently with or previous to 
this specification in connection with this application and 
which are open to public inspection with this 
5 specification* and the contents of all such papers and 
documents are incorporated herein by reference. 

All of the features disclosed in this specification 
(including any accompanying claims, abstract and 
drawings), and/or all of the steps of any method or 
10 process so disclosed, may be combined in any combination, 

» 

except combinations where at least some of such features 

* 4 

and/or steps are mutually exclusive. 

E ach feature disclosed in this specification 
(including any accompanying claims, abstract and 
15 drawings) , may be replaced by alternative features serving 
the same, equival en t or similar purpose, unless expressly 
stated otherwise. Thus, unless expressly stated otherwise, 
each feature disclosed is one example only of a generic 
series of equivalent or similar features. 



20 



25 



The invention is not restricted to the details of the 
foregoing embodiment (s) . The invention extends to any 
novel one, or any novel combination, of the features 
disclosed ia this specification (including any 
accompanying claims, abstract and drawings), or to any 
novel one/ or any novel combination, of the steps of any 
method or process so disclosed. 



According to the present invention there is provided a 
30 process for the hydroforraylation of ethylenically 
unsaturated confounds, as set forth in the appended 
claims. Preferred features of the invention will be 
apparent from the dependent claims, and the description. 
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1. A process for the hydroformylation of ethylenically 
unsaturated compounds, which process comprises 
reacting said ethylenically unsaturated compound with 
carbon monoxide and hydrogen, in the presence of a 
catalyst system, the catalyst system obtainable by 
combining i 

10 a) a metal of Group VIII or a compound thereof; and 
b) ' a bidentate pnoephinB of general formula (I) 



wherein : 

Ar is a bridging group comprising an o; 
substituted aryl moiety to which the phosphorus 
are linked on available adjacent carbon atoms,- 



A and B each independently represent lower alkylene. 



K, D, E and Z are substituents of the aryl moiety 
(Ar) and each independently represent hydrogen, lower 
alkyl, aryl, Het, halo, cyano, nitro, OR 1 *, OC(0)r", 

C<0>R a , C(O)0R", HR*^ 24 , C(0)NR 4s R*, C(8)R 2B R M , SR a \ 
25 C(0)SR a7 , or - J-Q 3 (CR" <R W ) {R l5 > >CR 14 (R 17 > (R"> where J 

represents lower alkylene; or two adjacent groups 



Mima ta-iui-mmmA 
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selected from K, 22, D and E together with the carbon 
atoms of the aryl ring to which they are attached 
form a further phenyl ring/ which is optionally 
substituted by one or more substituents selected from 
hydrogen, lower alkyl, halo, cyano, nitro, OR 19 , 

OCtOJR 20 , C<0)R ai , C(0)OR 2a , NR*V 4 , CfO)NR 3B R* fi , 
C{S)R 25 R", 9R" or C(0)SR'V 



10 



R l to R la each independently repreeent lower alkyl, 
aryl, or Het; 



tO R 



27 



each independently represent hydrogen, 



lower alkyl, aryl or Het; 



15 



Q 1 , Q 3 and Q 3 (when present) each independently 
represent phosphorous, arsenic or antimony and in the 
latter two oases referenced to phosphine 
phosphorous above are amended accordingly. 



20 



the process characterised in that a chlorine moiety 
is present in at least said Group VIII metal 

rmld. 



25 



30 



A process for the hydroformylation of ethylenically 
unsaturated compounds, which process comprises 
reacting said ethylenically unsaturated compound with 
carbon monoxide and hydrogen, in the presence of a 
catalyst system and a solvent, the catalyst system 
obtainable by combining i 



a) a metal of Group vnx or a compound thereof/ and 

b) a bidentate phosphine of general formula (l) 
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^ VA-(W))A^Zh-B-Q. 

where Ins 

Ar is a bridging group comprising an optionally 
substituted aryl moiety to which the phosphorus atoms 
axe linked on available adjacent caxbon atoms; 

* 

A and B each independently represent lower alkylene? 

K, D, B and Z are substituents of the aryl moiety 
(Ar) and each independently represent hydrogen, lower 
alkyl, aryl. Hat, halo, cyano, nitro, or", oc(O)R a0 , 

C(0)R J \ C(0)QR a r NR M R a \ C(0)NRV f C(S)R 25 R 3fi , SR 37 , 
C(0}SR", or -J-tffCR^CR") (R W ))CR W (R 1T ) where J 

represents lower alkylene; or two adjacent groups 
selected from K, Z, D and E together with the carbon 
atoms of the aryl ring to which they are attached 
form a further phenyl ring, which is optionally 
substituted by one or more substituentB selected from 
20 hydrogen, lower alkyl. halo, cyan©, nitro, OR 19 , 

OC(0>R*V CtOR 21 , C(0)0R", MR"*", C (0)NR a5 R afi , 
CWR 25 ^, SBF or C(0)SR 37 ; 

R 1 to R" each independently represent lower alkyl, 
25 aryl, or Het; 
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r" to R™ each independently represent hydrogen, 
lower alkyl, aryl or Het? 

Q*# Q* and Q 3 (when present) each independently 
represent phosphorous, arsenic or antimony and in the. 
latter two cases reference* to phosphine or 

* 

phosphorous above are amended accordingly, 



10 



the process characterised in that a chlorine moiety 
is present in at least one of the said Scoop VIII 
metal compound or said solvent* 



15 



3. The process aa claimed in claim 2, wherein a chlorine 
moiety is present in hoth said Group VIII metal 
compound and said solvent. 



20 



25 
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4. The process as claimed in any of claims 1 to 3, 
wherein R 1 to R 1 * each independently represent Ci to 
Cc alkyl, Ci to allcyl phenyl or phenyl. 

5- The process as claimed in claim 4, wherein R* to r" 
each independently represent methyl r ethyl, n-prqpyl f 
iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl, 
hexyl and cyclohexyl . 



The process as claimed in any preceding claim, 
wherein S\ R 4 , r 7 , r«, r 13 and R 16 each independently 
represent the same C x -C< allcyl; R a , R*, R* # r", r" and 
R 17 each independently represent the same d- 6 alkyl; 
and R s , R 6 , R 9 , R xa , R 15 and R" each independently 
represent the same Qm alkyl. 
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7. The. process as claimed in any preceding claim, 
wherein R 1 to R u each represents the saws Ci-C« alkyl 
group. 

5 8. The process as claimed in claim 7, wherein the said 
d.6 alkyl group is non-substituted and selected from 
the list comprising i methyl, ethyl, n-propyl, iso- 
propyl, n-butyl, iso-butyl. tert-butyl, pentyl, hexyl 
and cyclohexyl. 

9. The process as claimed in claim 8, wherein the said 
Ci-6 alkyl group is methyl. 

10. The process as claimed in any preceding claim, 
is wherein Q\ Q 2 and Q 3 (when present) represents 

phosphorus - 

11. The process as claimed in any preceding claim, 
wherein A, B and J (when present) each independently 

20 represent C x to C« alkylene. 

12. The ptocese as claimed in claim 11, wherein each of 
A, B and J (when present) represent -CH 2 - • 

2$ 13. The process as claimed in any preceding claim, 

wherein K, D» B and Z each represent hydrogen, 
phenyl, C%-<U alkylphenyl or C x -C 6 alkyl. 

14. The process as claimed in claim 13, wherein K, D, E 
30 and Z each represent hydrogen. 

15. The process as claimed in any of claims 1 to 3 r 
wherein in formula (I) i 
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A and B each independently represent unsubstifruted Ci 
to alkyl ene* 

s K, D, Z and B each independently represent hydrogen, 

* 

Ci-C« alkyl, phenyl, Ci-C 5 alkylphenyl or -J- 
Q 3 {CR 1 * (R 14 ) (R 15 ) } CR 16 (R 17 ) (R w ) where J represents 
unsubstituted Cj to C* alkyl ene; or two of R, D, Z 
and B together with the carbon atoms of the aryl ring 
10 to which they are attached form a phenyl ring which 

is optionally substituted by one or more eubstituents 
selected from lower alkyl, phenyl or lower 
alkylphenylf 

15 R 1 to R** each independently represent Ci to C fi alkyl, 

phenyl or Ci to C« alkylphenyl. 

16. The process as claimed in any of claims 1 to 3, 
wherein in formula (I) s 



A and B both represent -CHa- or CaKU; 



. K # D, Z and E each independently represent hydrogen, 

■ 

Ci-C a alkyl phenyl or 0i-C c alkyl or -J- 

2S q s (CR 13 <r") (R 15 ) )cr"(R 17 ) (R w ) where J is the same as 

A; or two of K, D, B and Z together with the carbon 

atoms of the aryl ring to which they are attached 

form an uneubstituted phenyl ring; 

30 R 1 to R 18 each independently represent c x to C« alkyl; 

17. The process as claimed in claim is, wherein A and B 
both represent -CH 3 -. 



33-JUL-2003 10523 FROM 



TO 01633914444 



P.41 



# 




38 



10 



15 



20 



18. The process as claimed in any of claims 1 to 3, 
wherein in formula (I) s 

each R 1 to R* 3 is the same and represents methyl; 

A and B are the same and represent -CH a - ? 

K, D, Z and B are the same and represent hydrogen. 

19. The process as claimed in any preceding claim, 
wherein the reaction is carried out at a temperature 
of between 20°C and 180°C, 

20. The process as claimed in claim IS, wherein the 
teiqperature is in the range 50°C to 150°C. 

21. The process aa claimed in any preceding claim, 
wherein the reaction is carried out under a partial 
pressure of carbon monoxide /hydrogen in the range of 
1 to 700 bar. 

22. The process as claimed in claim 21, wherein the 
partial pressure is in the range 1 to 300 bar. 



23, The process as claimed in any preceding claim, 
25 wherein said ethylenically unsaturated compound has 1 

to 3 carbon-carbon double bonds per molecule. 



30 



24. The process as claimed in claim 23, wherein said 
compound has 1 carbon- carbon double bond per 
molecule. 



25. The process as claimed in any preceding claim, 
wherein the amount of bidentate compound of formula 
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(I) to unsaturated compound is in the range 10~ 5 to 
I0~ a moles per mole of unsaturated compound - 

26. The process as claimed in any preceding claim, 
5 wherein said catalyst system further comprises a 



27. The process as claimed in any preceding claim, 
wherein said bidentate phosphine is selected from the 
10 group comprising bis {di-t-butyl pboephino) -o -xylene* 

1,2 bis (diadamantylphosphinoraethyl) benzene; 1,2 bis 
(diadamantylphosphinomethyl) naphthalene; 1,2 bis 
(di-t-pentyl phosphino) -o-xylene; and bis 1,2 {di-t- 
butyl phosphino) naphthalene. 



28. The process as claimed in any preceding claim, 
wherein the molnnol range of compounds of formula (I) 
to Group VIII metal is in the range of Isl to 3:1. 



20 29. The process as claimed in claim 28, wherein 

ntol:raol range is in the range of 1:1 to 1.25:1. 



30. The process as claimed in any preceding claim, 
wherein the Group VIII metal is selected from the 

25 group comprising: cobalt, nickel, palladium, rhodium, 

ruthenium and platinum. 

* - 

31. Hie process as claimed in claim 30 , wherein said 
Group VIII metal is rhodium. 



32* The process as claimed in any preceding claim, 
wherein said chlorine moiety is present in at least 

■ 

said Group VIII metal compound and said compound is 
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/selected from the group comprising; [RhCl (0O) a 3a, 
[RhCl (Cod) a ] a, RhCl* .xH fl O, [RhCl (Norbornadiene) ] a, 



rhodiumd ) dimer, Mu - di chl or o t a t r aethy 1 ene - di r hodi um , 
(bi cy clo [2,2,1] hept a- 2 - 5 - diene ) chlororhodium ( I ) dimer . 

the process as claimed in any preceding claim, 
wherein said chlorine moiety is present in at least 
said Group VIII metal compound and said compound ie 
selected from the group comprising: [RhCl {CO)ala# 
[RhCl (Cod) 3 ] a and fihCl, . xH 2 0 . 

The process as claimed in any one of claims 2 to 33, 
wherein said chlorine moiety is present in at least 
said solvent and said solvent is selected from the 
group comprising di chl orome thane, chlorobenzene, o- 
di chlorobenzene , m-ohlorobenzene, carbon 

tetrachloride, trichloroethanes, dichloroe thanes , 
chlorofluorocarbonB {CFC'a), tetrachloroe thanes and 
tetrachloroethene . 

The process as claimed in claim 34, wherein said 
solvent is di chl oroms thane . 

The process as claimed in any preceding claim, 
wherein said ethylenioally unsaturated confound has 2 
to 20 carbon atoms. 

The process as claimed in claim 36, wherein said 
confound has 5 to 15 carbon atoms. 

The process as claimed in claim 36, wherein said 
compound has 6 to 12 carbon atoms. 



[RhCl ICyclooctene) a ] a > 



Chloro ( 1 , 5-hexadiene) - 





03-JUL-2883 10*24 FROM 



TO 01633B14444 



P. 44 



t 



41 



10 



39, The process as claimed in any preceding claim, 
wherein said ethylenically unsaturated conjpound is 

* 

selected from the group comprising etbene, propene f 
1-butene, 2-butene, isobutene., 1-pentene, 2-penteae, 
3-pentene and branched isomers thereof, 1-hexene and 
its isomers, l-heptene and its isomers, 1-octene and 
its isomers , l-nonene and its isomers, 1 -decerns and 
Its isomers, the Cu-Cjo alkenea and their known 
isomers, 3-pentenenitrile, methyl- 3 -penteneoate, 1,3 
butadiene , 1,3 -pent adiene, 1,3 hexadiene, 1,3 
cyelohexadiene, . 2,4-leptadiene, and 2-methyl 1,3 
butadiene . 



15 40. The process as claimed in any prece ding claim, 

wherein the solvent is formed by one or more of the 
reactants, products or by-products of the process 
rather than being a separate entity* 

■ 

20 41. A process for the hydroformylation of ethylenically 

unsaturated compounds as described hereinbefore with 
reference to the examples herein. 
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The present invention provides a process for the 
hydroforraylation of ethylenically unsaturated compound*, 
which process comprises reacting &aid ethylenically 
unsaturated compound with carbon monoxide and hydrogen, in 

the presence of a catalyst system and a solvent, the 

catalyst eyetem obtainable by combining; 



15 



a) a metal of Group VIII or a compound thereof; and 

b) a bidentate phosphine of general formula (I) 




wherein t 

Ar is a bridging group comprising an optionally 
20 substituted axyl moiety to which the phosphorus atoms are 
linked on available adjacent carbon atoms? 

A and B each independently represent lower alkylene; 

25 K t D, E and Z are substituenta of the aryl moiety (Ar) ; or 
two adjacent groups selected from K, Z, D and E together 
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with the carbon atoms of the aryl ring to which they are 
attached form a further phenyl ring, which is optio&ally 

♦ ■ 

substituted by one or more eubstituentej 

5 R 1 to r" each independently represent lower alkyl, aryl, 
or Bet; 

r" to each independently represent hydrogen, lower 

alkyl, aryl or Het* 



Q l , Q 9 and Q 3 (when present) each independently represent 
phosphorous, arsenic or antimony and in the latter two 
cases references to phoephine or phosphorous above are 
amended accordingly, 

the process characterised in that a chlorine moiety is 
present in at least one of the said Group VIII metal 
compound or said solvent.. 
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